Network Analysis of Counter-strike and Starcraft by Claypool, Mark et al.
Worcester Polytechnic Institute
DigitalCommons@WPI
Computer Science Faculty Publications Department of Computer Science
1-31-2002
Network Analysis of Counter-strike and Starcraft
Mark Claypool
Worcester Polytechnic Institute, claypool@wpi.edu
David LaPoint
Worcester Polytechnic Institute, dlapoint@wpi.edu
Josh Winslow
Worcester Polytechnic Institute, jwinslow@wpi.edu
Follow this and additional works at: http://digitalcommons.wpi.edu/computerscience-pubs
Part of the Computer Sciences Commons
This Other is brought to you for free and open access by the Department of Computer Science at DigitalCommons@WPI. It has been accepted for
inclusion in Computer Science Faculty Publications by an authorized administrator of DigitalCommons@WPI.
Suggested Citation
Claypool, Mark , LaPoint, David , Winslow, Josh (2002). Network Analysis of Counter-strike and Starcraft. .
Retrieved from: http://digitalcommons.wpi.edu/computerscience-pubs/119
 
	ﬀﬁﬃﬂ !#"$%&'	)(*&	+,
-$.0/%ﬃ	1'	23ﬂ4
57698;:=<?>@6BACEDFDG>IHJK6BLFMON7PQ6GR3DGM@S+TU6)S2N7V)DGWYX[Z\MOS2W;>OD*]
^+_+`a)b+cedd`%fIg&`acdh*ijkfml)nEh*io`dnpqGncEhrYs+gGt
<?DGuvC2w&T;xy8Uz{|M@x|S2{yx}J~xyCe6)8T4uvxyS+T
ZDG8Y{yxyWT4x|8$R3DG>OAT;xy{X2S2MO{}ﬀS&WYT4MT4wT4x
*G
ﬀS2WT4MT4w&T;xD+69NH2Z!D)8;{yx|WYT;xy8yHE5[
*ŁGG
H2~z
VG6)Swe6)8YA[

H
G

&Y4
3, ¡y¢£¤Y¥&¢E¦)Y§£¤¨ª©¡¨«©§,Y¢|¥¬¨«©­¡|®ª¯±°9|°­²­®³¢;´¦­²*2Iµ¨«¢¶k§°¢¬IYI©9¥µ9¢4·EY§¨«·;¸ﬃ®ª¨ª¬®ª¹¢IIY©|¨ª|©
º£»µ­
¢|§¢¸­£¤¨«§¼I;¥¬;¢m§mµ§,|£?£%²­©­¨ª¯½
¾µ­?©­'|I $Im¢¶k§¼°¢II©¥±ºEIµ­?£¼²­®ªI¨«°­®³¢4¯Y¡y¢£¤Y¥#¿'²­©yIÀÁ¥¬I¨ª |¼¢©9¸ÃÂym¢m§,m¢ºÄ
¼Å*¢£¤¨ª©­;¸¢©9¸¸**§,²£?Y©yIY¸½ﬃÆ3©¢®«¯*¥¬¨³¥3ºB§²¥IY¸|©¦¢©¸*¹¨³¸BIµÃ²¥I¢¡?¢©¸°¢§m |,¥I¨ªÇY½#¾µ­?¡|¢£?;¥Q
º|²­©¸K
µ¢4·|±¥I£È¢®«®°¢|§m ,m¥¢©¸¯B°­¨«§Y¢®«®ª¯®ª ¦¢©¸­¹¨«¸Bµ~²¥I¢¡|´*¦­²*¹Im¢¶k§±°¢¬IYI©9¥·4¢I¨«Y¸U¹¨³¸*®«¯¦),Y©$¡y¢£¤Y¥Y½
É ÊË?Ì&ÍeÎkÏÐ~ÑÌeÒ,Î?Ë
Ó¼Ô+ÕÖ×*ØÙÄÚÜÛ*Ö,Ý|Þ
ßÔàÙávßÔGÕ$â4ÝááGÕâ4ß,Ù³ãGÙ³ß¬äàÝ*åQßÔGÕUæmáßﬀÕÖYáGÕß¤×­á+ÚÜßÔGÕUåÁ×*çÄçÙáèâ4ÝéØFêGßﬀÕÖ?Ô×BÖÚ+Þﬃ×BÖ,Õ$ØÖÙÄâ4Õë?Ô×*ë¼åìêGÕç³ÕÚ
ßÔGÕ}Û*Ö,Ý|Þ
ßÔ Ý*å%é~ê+ç³ß,ÙÄØçÄ×ä*ÕÖKÛ­×­éÙáGÛàÝã*ÕÖKßÔGÕ}æmáßﬀÕÖYáGÕßíàæﬀá ×*ÚFÚÙ³ß,Ù³Ýá ßﬀÝàâ4ÝéØFêGßﬀÕÖëîßÔGÕïçÄ×BßﬀÕëﬀßKÛ*ÕáGÕÖY×Bß,Ù³Ýá7Ý*å
â4Ýá+ë,Ý­ç³ÕëKëﬀä)ë,ßﬀÕéëkåðÖ,Ýéñ%ÙáßﬀÕá+Ú+Ý+îﬃò)Ýá­ä*îQ×­áÚ»ò)ÕÛ­×à×*çÄç±Ùá+âçê+Ú+ÕóáGÕß¬Þ±Ý*Ö,ô[ëYê+ØØ&Ý*Ö,ßkåðÝ*Ö~é~ê+ç³ß,ÙÄØFçÄ×ä*ÕÖKÛ­×­éKÕ}ØçÄ×ä
ÝáèßÔGÕ$æmáßﬀÕÖYáGÕßí?Ó¼ÔGÕÙá+â4ÖÕ×*ëﬀÕKÙávæﬀá­ßﬀÕÖ;áGÕß¼Û­×­éÙáGÛÃÙÄë¤×*çÄëﬀÝï×ÖÕëê+ç³ß¼Ý*åQâ;Ô+×­áGÛ*ÕKÙáÜÚ+Õã*Õç³Ý­Ø&ÕÖ?åðÝGâê+ë
åðÖ,Ýéõë,ÙáGÛ­ç³Õ
ØçÄ×ä*ÕÖ¼Û­×­éÕë
ßﬀÝÃé~ê+ç³ß,ÙÄØçÄ×ä*ÕÖ¼Û­×­éÕëí
ö
Õë,ØÙ³ßﬀÕ~Û*Ö,Ý|Þ
ßÔàÝ*åê+ë,ÕUÝáÜßÔGÕ~æﬀá­ßﬀÕÖYá+Õßîeá+Õß¬Þ±Ý*Ö,ôèÛ­×­éÕë%ßIä)ØFÙÄâ×*çÄç³äàÚ+ÝóáGÝ*ßkê+ëﬀÕ$ßﬀÖ×*ÚÙ³ß,Ù³Ýá×*ç'æﬀáßﬀÕÖYáGÕß¤ßﬀÖ×­á+ë,Ø&Ý*Ö,ß
Ø+ÖÝ*ßﬀÝ)â4Ý­çÄëí¹Ó¼Ô+Õ#é×y÷Ý*ÖYÙ³ß¬äÝ*åæmáßﬀÕÖYáGÕßßﬀÖ×BøÃâÖ;êá+ë'Ýá$ßﬀÝ­Ø~Ý*åÓ%ùﬃúîBÞ%Ô+ÙÄâ;Ô$Ûê+×BÖ×­áßﬀÕÕëQëﬀÕûGêGÕáß,ÙÄ×*çÁî9ÙáUÝ*ÖÚ+ÕÖ¹×BÖ,ÖÙ³ãB×*ç
Ý*å3×*çÄçÚ×Bß,×}ü9ävÖ,ÕßﬀÖ×­á+ëYéÙ³ßﬀß,ÙáGÛïç³Ý­ëﬀß¤Ø×*â,ô*Õß,ëíký%ÝÞ±Õã*ÕÖîßÔ+Õ$×*ÚÚFÙ³ß,Ù³Ýá+×*çß,ÙéKÕÖÕû)ê+Ù³ÖÕÚÜåðÝ*Ö?Ö,ÕßﬀÖ×­á+ëéÙÄë,ë,Ù³Ýá+ë?×­á+Ú
ßÔGÕÜÞ¼Ùá+Ú+Ý|Þ#þ¬ü×*ëﬀÕÚßÚ×Bß,×=Ö×BßﬀÕàÙéØ&Ý­ëﬀÕÚ ü9ä Ó%ùﬃú â×­áßü&ÕÜêá×*ââ4ÕØ+ß,×*üç³ÕèßﬀÝ»áGÕß¬Þ±Ý*Ö,ô Û­×­éÕëë,Ùá+â4ÕàÙá­ßﬀÕÖY×*â4ß,Ù³ã*Õ
Û­×­éÕë¤Ý*å@ßﬀÕá=Ô×ã*ÕëﬀßﬀÖYÙÄâ4ßkÚ+ÕçÄ×ä â4Ýá+ëﬀßﬀÖ×*Ùáß,ë
 
ÖYéí$æﬀá+ëﬀßﬀÕ×*Ú Ý*åﬃÓ%ùﬃúîáGÕß¬Þ±Ý*Ö,ôàÛ­×­éKÕë¤Ý*åðßﬀÕá=ê+ëﬀÕ
	
ö
ú ë,Ùá+â4Õ
	
ö
ú Ø×*âô*Õß,ë×BÖ,ÕèáGÝ*ß~Ûê+×BÖY×­á­ßﬀÕÕÚ ßﬀÝ[Ö,Õ×*âYÔ»ßÔ+ÕÙ³ÖÚ+Õëﬀß,Ùá+×Bß,Ù³Ýá+ëî×­á+Ú»ßÔ)ê+ëKÚ+Ý=áGÝ*ßKÖ,ÕûGê+Ù³Ö,Õó×=éÕâYÔ+×­á+ÙÄëYé åðÝ*Ö
Ö,ÕßﬀÖY×­á+ëéÙÄëë,Ù³Ýá+ëí	¤áGå@Ý*Ößêá+×BßﬀÕç³ä*î	
ö
úÚ+Ý)Õë
áGÝ*ß
Ø+Ö,Ý|ã)ÙÄÚ+Õk×­áäÃüê+ÙÄç³ßmþ¬Ùáóâ4ÝáGÛ*Õëﬀß,Ù³Ýáèâ4Ýá­ßﬀÖÝ­çÁîFØ+Ö,ÕëﬀÕáß,ÙáGÛKßÔGÕ¤ÖÙÄë,ô
Ý*å¹â4ÝáGÛ*Õëﬀß,Ù³Ýáèâ4Ý­çÄçÄ×*ØëﬀÕ$×*ë
ßÔGÕkåðÖ×*â4ß,Ù³ÝávÝ*åêá+Ö,Õë,Ø&Ýá+ë,Ù³ã*Õ	
ö
úßﬀÖ×BøâÙá+â4Ö,Õ×*ëﬀÕë
 
í
ö
Õë,ØÙ³ßﬀÕèßÔGÕvã*ÕÖ,ä7Ö,Õ×*ç
üFê+ÖÚ+Õá ßÔ+×BßÃáGÕßIÞÝ*Öô7Û­×­éÕëé×ä7ÙéØ&Ý­ëﬀÕïÝá áGÕß¬Þ±Ý*Ö,ô ü×­á+ÚÞ¼ÙÄÚ+ßÔ7×­á+Ú ßÔGÕèé×*ë,ë,Ù³ã*Õ
Û*Ö,Ý|Þ
ßÔ ×­á+Ú çÄ×BÖ,Û*Õê+ëﬀÕÖÈü×*ë,Õ*îÙÄë,ëêGÕë?Ö,ÕçÄ×BßﬀÕÚ ßﬀÝïßÔGÕ~Õ2Õâ4ß,ëÈÝ*åQßÔGÕëﬀÕ~Û­×­éÕë%Ýá á+Õß¬Þ±Ý*Ö,ôÜâ4ÝáGÛ*Õë,ß,Ù³Ýá=Ô+×ã*Õü&ÕÕá
çÄ×BÖ,Û*Õç³ä áGÕÛ­ç³Õâ4ßﬀÕÚ Ùáàü&Ý*ßÔà×*â×*Ú+ÕéÙÄâ$×­á+Ú Ùá+ÚFê+ë,ßﬀÖ,ävØFê+üçÄÙÄâ×Bß,Ù³Ýáëí¤æmá+Úê+ëﬀßﬀÖ,äó×BÖ,ß,ÙÄâç³Õëk×BÖÕKéÝ*Ö,ÕUâ4Ýáâ4ÕÖYáGÕÚàÞ¼Ù³ßÔ
ßÔGÕé×­á+×BÛ*ÕéKÕáßÈ×*ë,Ø&Õâ4ß,ëÈÝ*å±Û­×­éKÕÚ+Õã*Õç³Ý­ØFéÕá­ßÈÝ*ÖÈåðÝGâê+ë¤Ýá çÄ×BßﬀÕá+â4ä ×­á+Ú=é×GÙé~êé ü×­á+ÚÞ¼ÙÄÚ+ßÔÜÙÄë,ëêGÕëÈÝáç³ä
 
Ùá

îﬃÓ­î'ñ%Û
ﬀ
îÞ%ÔGÕÖ,Õ×*ë$×BßﬀßﬀÕáß,Ù³Ýá7ßﬀÝàÚ+Õß,×*ÙÄç±çÄÙ³ô*ÕvéÙá+ÙéÙﬂﬁÙáGÛèáGÕßIÞÝ*Ö,ô ç³Ý­×*Ú7ëYêﬃ&ÕÖ$ÚFêGÕÃßﬀÝÜßÔGÕ}çÄ×*â,ô Ý*å
Õâ4ÝáGÝéÙÄâ#Ø+Ö,Õë,ëYêGÖ,Õ*í'ñ%Õß¬Þ±Ý*Ö,ô~Û­×­éÙá+ÛÔ+×*ëQáGÝ*ß¹ü&ÕÕá~×¤ßﬀÖ×*ÚÙ³ß,Ù³Ýá+×*ç+ÖÕëﬀÕ×BÖâYÔ
ÕçÄÚKÙá~×*â×*Ú+ÕéÙÄ×È×*ëáGÕß¬Þ±Ý*Ö,ô$Û­×­éKÕë
×BÖ,Õã)Ù³ÕÞ±ÕÚèØ+ÖYÙé×BÖÙÄç³ä}×*ë
×ÚÙ³ã*ÕÖëÙ³ÝáóåðÝ*Ö¼ëﬀßê+Ú+Õáß,ëî+Ö×BßÔ+ÕÖ
ßÔ+×­áv×KØÖ×*â4ß,ÙÄâ×*çEØ+ÖÝ­üç³Õé åðÝ*Ö¼â4ÝéØFê+ßﬀÕÖ¼ë,âÙ³Õáß,ÙÄëﬀß,ëí
Ó¼Ô+Õ#Û*Ý­×*çÝ*å&ßÔ+ÙÄëQÖ,Õë,Õ×BÖâYÔÙÄë¹ßﬀÝ×­á+×*ç³äﬃﬁÕ¼ßÔGÕ?áGÕß¬Þ±Ý*Ö,ô~ßﬀÖ×Bøâ#Ý*å&ß¬Þ±ÝÝ*å2ßÔGÕ¼éÝ­ëﬀßQØ&Ý­ØFê+çÄ×BÖ¹Û­×­éÕë¹ÝáKßÔGÕ#æﬀáßﬀÕÖYáGÕßí
 
ÕKâYÔ+Ý­ëﬀÕ~ß¬Þ±Ý}Û­×­éÕë¼åðÖ,ÝéõßÔGÕKéKÝ­ëﬀß?Ø&Ý­ØFê+çÄ×BÖ¼Û*Õá+Ö,Õëî

Ù³Öëﬀß¤ú'ÕÖYëﬀÝá ò+ÔGÝ)Ý*ßﬀÕÖë%×­áÚ"!¼Õ×*çÓ¼ÙéKÕ~òGßﬀÖ×BßﬀÕÛ­Ù³Õë#ÁëﬀÕÕ

 
	
ﬀﬁﬂﬃ	 "!#$!%ﬁﬂ&('*)+',!& -!ﬃ!'ﬂ& .	 0/1','21'ﬂ3'*%&ﬂ)
& ﬁ!ﬃ	4$)+/)+
5 )
6#$!	ﬁ7+/$ 
8
34$%ﬀ/9':-;<	 !5=%$?>@-!.	9AB	 C&ﬂ'ﬂDEF%ﬀ-!7 -!%G'ﬂ1/C&ﬂ'ﬂD3F-)+
ﬁ%G#1',!+-+#H',&IJ!' )LKMﬀ-!N-O&ﬂ'ﬂDE%P
	 !/1-!ﬀ	Q-' #14!*!' )++%ﬀ+($-Rﬃ	 !5Iﬀ!',S,
8
F'ﬂ$' )
6T-U(/1+%ﬀﬀ!+AV4
	:	 W#1' 5 -P%
T-%-V/1?>@-!ﬁ$%OAB-Rﬃ-ﬁ
-)+
ﬁ.'ﬂ$/C%ﬀ-!7 -!A1'ﬂ1/$+/$$%X'ﬂ1/ID3#1' X	 W41D(AV-!Y	 W#1)+'ﬁ6 -!%Z	I$-Rﬃ	 !5[ﬀ!',S,
\ ]_^E^F`"abXced
8
QﬁD3#1)
	f6 /g3h	ﬂ)+)
	ﬁ$&JDE-	/$	ﬂ)
	 & 6Bi*%ﬀ)
F-Rﬃ	 !59&ﬂ'ﬂDE%*j	 !*%4$/$6lkm 
	nL!N41=3%)
ﬀ/
&ﬂ'ﬂD3%:o'ﬂo$%ﬀﬀ!N41D3ﬁﬂﬀ/pﬁ7
!	HDEﬁgkm 
	qrs2'ﬂ$/o'ﬂ$' )
6T-n-Rﬃ	 !5tﬀ!',S=9&ﬂ'ﬂDE%[& ﬁ$-!',ﬀ
km 
	=us
vxw;y zx{H|m{H}~ﬂ;g"t{H

!	ﬂ' /1)
6 ﬃIDE	ﬂ%F#B	ﬂ#H41)+',!F-',ﬀ-& 	 !N
%	 .!' )?mDEC-;<	 !5n&ﬂ'ﬂD3%3',!CŁ<jP-ﬂ$ﬁ R-CkLY V*'ﬂ$/
g
j,

=
? ¢¡V

ﬂ-P£X$
jB<¤X +ﬃY

,j¥<&ﬂ'ﬂDE%Xk ¦J¦9§P¨.X,j	ﬂ)+)
	f</E-)
	ﬂ%)
6UAs6(¤Z

e©Ljª3YV 

R;¥ Gk¨x«. V
&ﬂ'ﬂD3%-
xﬃ ¬&ﬂ'ﬂD3%-W­1!%ﬀFD3' /$#B	ﬂ#H4$)+',!FA6¬®O		D:¯$'ﬁ7 [:#1)+'6 -!E7
-°Qﬃ	 !)+/l!	4$&¬$#B-!%#B
7 	 .'
$',!' ﬀ-!Jkh:­H!%ﬀF#V-!N%ﬀ	BG'ﬂ$/±$'7 ::#1)+'ﬁ6 -!QDE	f7 :',!	41$/²%)+'ﬁ6&¬D3	$%ﬀﬀ-!%F'ﬂ$/l	 -!3#H)+'6 -!%-<

'ﬂp'ﬂD3' )
&ﬂ'ﬂD',
	³	 G!N'ﬂ& /t<' #B	!6qkh9%		 ﬀ-!-´§G'ﬂt'7 -!N',& ¬$
&ﬂ-X$-!=',!Jﬃ)+)	f7 -!g-µ¢µ µ µ
%ﬀ-!7 -!%.¶O' )
jR·¸
h,¹.&ﬂ'ﬂDE%O%4$#H#V	 !&E	ﬁ7 -!Pºﬂµ¢µ µ µ[&ﬂ'ﬂDE-!N%-¢»¼§O-!.xY [&ﬂ'ﬂDE%O%4$#H#V	 !Z%)+
&ﬂ)
6J%D3' )+)
-!G4$%ﬀ-!
#B	ﬂ#H4$)+',
	1%-¢½
¦=¦=§G¨9&ﬂ'ﬂDE%­H!%ﬀWD3' /$ﬃ#V	ﬂ#V4$)+',!eAs6*¾O)
D3'G§G$)+ ¿¢%L!)
' %ﬀXQÀ À ÁÃÂ',!Y%D3+)+',!xﬀ	O& !' #H$+-' )$¦=4$)
?R¾O%ﬀ-!
®G41& -	1%-"­1!%ﬀP#1
	--!/gC$3Äµ %¢Å³¦J¦9§P¨.&ﬂ'ﬂDE%G#$!	ﬁ7+/$('ID3N$'ﬂ1+%DÆj	 !GN1',!' ﬀ-!U' /$7,'ﬂ$ﬁD3ﬁﬂ-
)+',!& ()+'ﬂ$/1%Xﬀ	Qﬀ!'7 )L' !	ﬂ%%H'ﬂ$/I	 $-!.#1)+'ﬁ6 -!%Z
I.	D°ﬀ	ﬂﬀ-!N' -Y«.G!-*AH
& & %ﬀO¦=¦=§G¨p&ﬂ'ﬂDE%-
Ç
%-!	"¿¢%.ÈY' )+)+É,H¾O)
D3'§G1)+ﬁÊfH'ﬂ$/:Ë7 -!NÌ4%Í,H-)+' DÎﬀ	Q1'7 ($',!)
6g2D3+)+)+
	:%41A1%!+AB-!%X	D(A1/0
¨x«. O&ﬂ'ﬂD3%-­1!%ﬀ¸D' /$#B	ﬂ#H4$)+',!¸As6G®P4H¯,Ï,',!& ﬁ-!' )+)
6*$',!' ﬀ-!
T-/FAs6.!%ﬀ	4!¯	ﬂ)+)

	"s41$
¸	1%ﬀﬀ!N4$

	@"'ﬂ$/=A1',ﬀ)
%P$',P	$%+%.	 ¯)+',!& F41D(AB-!%X	 ¯'ﬂ$D',ﬀ/J%	ﬂ)+/1
-!%O& 	ﬂ&[!	4&J'3!#V-

7  0'ﬂ1D3',ﬀ/
',ﬀ' 5V
Ç
)+)	 X$%ﬀQ' 
	$%E$' #H#Vﬁ9¼!' )?mDE 411)+
5 ',!)+
-!F%ﬀﬀ!',ﬀ-& 6¼&ﬂ'ﬂD3%U%N4$N¬' %(ÈY
7+)+
T',
	B¹RÐﬂx
.1+NlI#1)+'ﬁ6 -!Q	4$)+/²',5 J' %DF4$NlD3[' %Q-/$/²ﬀ	¼#1)+'ﬂlC$ÑE4!@² 1[®G41$C¯-!C1'7 
AB-ﬁI%-7 -!' )LD3	 !U¨x«. :&ﬂ'ﬂDE%.!)
' %ﬀ/"B	U	 W(D3	 !*#B	ﬂ#H4$)+',!OAV$&[ ',!!N',j¹ﬀ¹.ÈX4$!!ﬁ)
6 HUR6#1+-' )
41D(AB-!Y¨x«. [h'ﬂ$%#1)+'6& ',!N!',j	:'ﬂ:'7 -!N',& F$
&.41D(AB-!%Y' AV	4$,µ¢µ µ µQ#1)+'ﬁ6 -!%-
8
:%ﬀ)
ﬀ/ ',!!N',j-'=¨x«. g&ﬂ'ﬂD3 W'ﬂ$/²ÈY	41ﬂﬀ-!3 ﬀ!
5  'Jxﬃ ¼&ﬂ'ﬂDE AB-'ﬂ4$%ﬀQ-6g<-!Q'ﬂD3+)++',!WAB%ﬀ
%ﬀ)+)+$&3&ﬂ'ﬂDE%.:/1?>@-!ﬁﬂ& ﬁ!%-
8
$+)
2ﬃ2Y'ﬂﬂﬀ/Cﬀ	Q%ﬀ41/$6
Ç
%-!	"¿¢%.ÈY' )+)H'¦=¦9§P¨p&ﬂ'ﬂDE 1$GDE2

ﬀ		 5[ﬀ	%ﬀ-4$#I'ﬂ1/:!N41	4!Ñ#B-!D3ﬁﬂ%X#$!-)4$/$/:%ﬀ4$/16&3'ﬂ$	 -!& ﬁ! 
8
*)
'7 ($',' %4$4!P<	 !5V
Ò Ó-Ô ÔmÕsÖ ×N×Ó,ØÙÃÚ?ÛÜÙ¢Ý¢Ú?Þß à Ý¢Þâá áRØﬁß ãâäNå×
æâç¸è
ÞâáRØNéNÞWäNÚ1ê¯áRØNë,ìﬁäåXÙÃíà ÞMÙ¢Þﬀã;ÔmÞﬀì.ëÝ¢éÓ-Ômà0î ÞâÔhïBÞMÞMë(ðMñ×Nò×Nñð<ØNë,ì2ðòN×ðóN×Nñð
ôMõ
ámÝ¢î ÞMàLòöfî,Øà ÞﬀìOäNëPØNëPØ
è
ÞâáRØNéNÞWä
è
Þâáeê<áRØNëìfäåXÙÃíZà ÞMÙ¢ÞﬀãRÔmÞﬀìPëÝ¢éÓ-Ômà"î ÞâÔjï@ÞMÞâë(ðﬀñ×ðﬀ÷×NñðYØë,ì*ðﬀò×-ðó×ñﬁð
ø
Ó-Ô ÔmÕsÖ ×N×ï"ï"ïWß ùäﬁß ã;äå
ú;Ó-Ô ÔmÕsÖ ×N×ï"ï"ïWß Ù¢ÞMéÞMëìfå<ù,ìß äámé-×áRØÕÓ,×éØåXÝ¢ëé-×î ä-äû ß Ó-ÔmåXÙ
üâÓ-Ô ÔmÕsÖ ×N×ï"ï"ïWß ýMäëfÞß ãâäå×ØNà ÓfÞâámäëfàmãMØNÙ¢Ùþ×öØ
è
ÞâáRØNéNÞMàðòö ñNññXÕÙrØMí-Þâámà"Õ Þâá¸ëfÝréNÓ-Ô
ß
Ó-Ô ÔmÕsÖ ×N×ï"ï"ïWß ùäﬁß ã;äåPö ä
è
Þâá¸êNññö ñNññXÔmäNÔRØÙsà ùfîàmã;ámÝ¢î Þâámà
 âÓ-Ô ÔmÕsÖ ×N×Þ
è
Þ;áùfÞMàÔﬀß àÔRØÔmÝ¢äëß à äë-í-ß ãâäå×-ö,ä
è
Þâáﬁðﬀñﬁö ñNññYÔmäNÔRØÙà ùîfàmã;ámÝ¢î Þâámà
âÓ-Ô ÔmÕsÖ ×N×ï"ï"ïWß ìfùfëÞòûﬂß ãâäNå×NìﬁùëÝ
è
Þ;ámà Þ×NìﬁùëÞﬀò×
Ò
Ó-Ô ÔmÕsÖ ×N×ï"ï"ïWß ãâÝ
è
êﬁß ãâäåPöÔmÓÞxà Þﬀã;äë,ì.à Þ-ùÞMÙäNÚ
	BÝ
è
Ý¢ÙrÝ¢ýﬀØÔmÝ¢äë
Ò ÒmÓ-Ô ÔmÕsÖ ×N×ï"ï"ïWß îÙ¢Ý¢ýMýﬀØáRìß ãâäå×ﬀï@äámÙþìﬁàÛÜàÔRØáRã;áRØÚ?Ôﬀß à Ó-ÔmåXÙ

  	
ﬀﬁ
ﬃﬂ !#"$%&ﬁ'
(
)+*-,/.102.3,/45*	6879,:.-;<,>=@?A*-6CBD;7E*E.3,/*E;GF>HFI,IBD;J*3K,/*	KL,>7	M=8,<H>;G.17902NPOL7-*E.1QL02*SRQL68=8T6CO(FI7U,IOLTVFPKI*-6CO(FWQOL6X*-7GYZ,IOLT[687-73Q(;
02NPB\B],IOLT7^*3KL,/*_0G,IQL7E;`*3KL;9QOL6X*-7a*ENBDNb>;>Y;O(FI,/F>;	;O(;B9HQO6X*-7GY,IOLTc7-6CBJ68=8,/.d*-,>7Ee(7Gfhgib>;G.-HFI,IBD;9687dM=8,<H>;<TﬃNPO
NPO(;jN>4#BJ,IOIH\M%NI737-68R=X; B],>M7GY+;<6X*3K(;G.aML.-Nb+68T;<Tkl6X*3K\*3K(;mFI,IB];jN>.h0<Q7E*ENPBnRQL68=X*hRPHQL7E;G.37<fZomK(;G.-;j,/.-;j*3K(.-;G;_.3,>02;<7
4p.-NPBqkmKL6801K,ﬃM=8,<H>;G.D0G,IO0rK(N+NI7E;>Yi,IOLT[;<,>01KsKL,>7	,:R,>=8,IOL02;<Ts7E;G*9N>4l,>TLb/,IOI*-,/F>;<7S,IOLTtT687-,>Tbu,IOP*-,/F>;<7	Nb>;G.D*3K(;
N>*3K(;G.17GfiolK(;G.-;j,/.-; ,DOQB9R;G.vN>4wk^,H+7l6COJk_KL6801KﬀM=8,H>;G.37a0G,IOR;_02NPBJM%;G*-6X*-6Xb>;<=XH\F>.-NPQLM;<TfZxEO\,	4p.-;G;2?A4pN>.E?,>=8=yFI,IBD;>Y
,>=8=&M=8,<H>;G.17jb+6X;	*ENK,<b>;S*3K(;S=8,>7E*m.3;B],>6COL6CO(Fﬀ,/.1B9HzNPOc*3KL;SBJ,>Mfl{|=8,H>;G.37 0G,IO},>=87ENﬀ*E;<,IB~QLM:,/FI,>6COL7-*_;<,>0rK}N>*3K(;G.
,IOLTN>.l,/FI,>6COL7E*_lxh7-02.368ML*E;<TE02NPB]MQ(*E;G.1]M=8,<H>;G.17l6COcB9H+.368,>Tk^,H+7<f

N>.jNPQ(.m;2(M;G.36CB];OI*-7<Y,>=8=FI,IB];<7lk^;G.-;	7E*E.1QL02*3Q(.3;<T:7EN\*3KL,/*l*3K(;G.3;Uk^;G.-;9*kvNﬀ*E;<,IB]7mN>4;<(QL6Xbu,>=X;OP*j7-6XG;<7GŁdDb(7Gfl+Y

b(7Gf

YJb(7GfvLY%,IOLT:]b+7<f^DM=8,H>;G.37GfaolK(;`=XN(0G,>=&M=8,<H>;G.<Y,IOL,>=XH+G;<Tﬃ6CO:TL;G*-,>68=6CO})+;<02*-6XNPO

YM=8,<H>;<T},>7d*3K(;	7-,IBD;
.3,>02;ﬀ6COW;<,>01KFI,IBD;>Y&,IOLT';BJM=XNH>;<T*3K(;J7-,IB];]RQL68=8T6COLFc7E*E.3,/*E;GF>H*3K(.-NPQLFPK(NPQ(*GfJolKL;]FI,IBD;<7 k^;G.-;ﬀM=8,<H>;<TtQL7-6CO(F
)+*-,/.102.3,/45*GŁZ^.-N+N+TS',/.<YPb>;G.37-6XNPOz/f*3K(;d=XN+0G,>=LM=8,<H>;G.|=XN>F>F>;<TJNPO	*EN`^,/*E*-=X;>fOL;G*^QL7-6COLFm*3K(;d )(gvj)(otFI,/*E;Gkh,<H>YL,IOLT
02.-;<,/*E;<Tﬃ*3K(;9FI,IBD;U7E;<737-6XNPOL7G;<,>01K:FI,IBD;`*H+M;9k^,>7m*ENIM:M=8,H>;G.37_b+7<f^RN>*E*ENPBM=8,<H>;G.37<,IOLT:*3K(;U7-,IB];9B],>MwY0G,>=8=X;<T
h6XFﬃj,IB];SjQOP*E;G.37j4pNPQOLTW6CO}*3K(;JB],>M71uRL.-N+N+Tk^,/.rk^;<RBJ,>M7lT6X.3;<02*EN>.-H:4p.-NPBkmK(;G.3;	*3KL;	FI,IB];Sk^,>7`6CO7E*-,>=8=X;<TY
kh,>7mQL7-;<T45N>.d;<,>0rKcFI,IB];>f
   	
9$%&
(GGy/" 
Wﬁ'
}ﬂ !#"$#ﬁ
+
¡^NPQOI*E;G.E?7-*E.36Xe>;/¢£ 687a,DBDN(T6XV0G,/*-6XNPOﬀ*ENDm,>=X45?¤6X4p;`*3KL,/*a687aT687-*E.368RQ(*E;<Tﬀ4p.-;G;jNb>;G.l*3KL;_xEOP*E;G.1O(;G*h45N>.aNkmO(;G.37hN>4&m,>=X45?
¤#6X45;>YhN>.,>7J,'.3;G*-,>68=lML.-N(TQL02*]6CO¥BDNI7E*JFI,IBD;:7E*EN>.3;<7Gf¦¡^NPQOP*E;G.E?7E*E.36Xe>;WMQ(*-7D*3KL;:M=8,<H>;G.17ﬀ6CO§*3K(;c.-NI=X;ﬃN>4j;<6X*3K(;G.
,:*E;G.-.-N>.3687E*S,/*E*E;B]M*-6CO(F:*ENK(NI=8TsK(NI7E*-,/F>;<7GYiR=XNknQM=8,IOLTBJ,/.-e(7GYN>.D,>7-7-,>737-6COL,/*E;,c¨_x©{ªN>.S,:02NPQOP*E;G.E?A*E;G.-.-N>.1687E*
,/F>;OP*d*E.-H(6CO(FD*EN]*3KPk^,/.3*d*3K(; *E;G.-.-N>.1687E*-7Gfio#NJM=8,<H>Y;<,>01KcM=8,<H>;G._BSQL7-*h02NPOO(;<02*a*ENJ,D7E;G.-b>;G.Y%QL73QL,>=8=XHﬀ=XN+0G,/*E;<T:NPOz,IO
;OLTL?K(NI7E*aNPO*3K(;Ux«OP*E;G.1O(;G*Gfi¬K(;ONPOL;`N>.mBDN>.3; N>*3K(;G.lM=8,H>;G.37i­«NI6CO*3K(;97-,IBD; 7E;G.-b>;G.Y,DFI,IBD;`R;GFI6COL7<f
_=8=y¡hNPQOI*E;G.-?7E*E.36Xe>;_FI,IBD;<7|,/.3;_M=8,H>;<TJNPO\,9BJ,>MYP;<,>0rK\N>4kmKL6801KﬀKL,>7v6X*-7|NkmOJ7-;G*vN>4NIR(­«;<02*-6Xb>;<7Gfv®:NI7E*^NIR(­«;<02*-6Xb>;<7
KL,b>;U*3K(;902NPQOI*E;G.-?A*E;G.-.-N>.3687E*-7j,/*E*E;BJML*-6CO(F]*EN\.-;<7-0<Q(;U,J7E;G*lN>4iK(NI7E*-,/F>;<7m4p.-NPB¯0G=XNI7E;9*ENJkmKL;G.-;`*3K(;`*E;G.3.-N>.3687E*-7m7E*-,/.-*GY
N>.^*3K(;l*E;G.3.-N>.3687E*-7^,/*E*E;B]ML*-6COLF9*EN	M=8,IOI*h,URNPB	R]0G=XNI7E;_*EN	kmK(;G.-;d*3KL;_02NPQOP*E;G.E?A*E;G.-.3N>.3687E*-7h7E*-,/.-*GfiolKL;mB],>M\687vM=8,H>;<T
7E;Gb>;G.1,>=*-6CB];<7GYkl6X*3Kc;<,>01Kﬃ*-6CBD;UR;<6CO(F\0G,>=8=X;<Tﬃ,J.-NPQOLTY=8,>7-*-6CO(F\7E;Gb>;G.1,>=&BJ6COQ(*E;<7<f^gv,>01K:.-NPQOLTz;OT7a;<6X*3K(;G._kmK(;O
*3K(;jb(6802*EN>.-H02NPOLT6X*-6XNPOL7d,/.3;UBD;G*GY(*-6CBD;j.1QO7|NPQ(*GYLN>.ak_K(;O\NPO(; *E;<,IB¯KL,>7aR;G;O\*EN>*-,>=8=XHz;<=86CB]6COL,/*E;<Twfih*a*3K(; 7E*-,/.-*
N>4;<,>0rKc.-NPQOLTYRN>*3Kc7368TL;<7l,/.-;	,>=8=XNk^;<TW*EN\RQLHﬀk^;<,>MNPOL7l,IOT:,IBJBSQO6X*-6XNPOkl6X*3Kz*3KL;	BDNPOL;GH\*3K(;GHz;<,/.rO(;<Tc4p.-NPB
*3K(;DML.3;Gb+6XNPQL7_.-NPQOLT7GfjolK(;SR;G*E*E;G.`,J*E;<,IB~T68Tﬃ6CO}*3K(;SML.-;Gb(6XNPQL7_.-NPQOTY%*3KL;DB]N>.-;	B]NPO(;GHc*3K(;GHWKL,<b>;S*ENz7-M;OLTf
° O02;	;<,>0rK*E;<,IB~687j;<(QL68MM;<TYy*3K(;GHW,/*E*E;B]M*_*ENzkm68M%;SNPQ(*j*3K(;SN>*3K(;G.U*E;<,IB±kl6X*3K}*3K(;<6X. k^;<,>MNPO(.-H:N>.`02NPBJM=X;G*E;
*3K(;UNIR(­©;<02*-6Xb>;>Y,>=X*3K(NPQ(FPKc*3K(;`4pN>.1BD;G.hNPQ(*-02NPB];`;OLT7a4,/.mB]N>.-;j.-NPQOLT7h*3K,IO*3K(;U=8,/*E*E;G.<f
¡^NPOP*E.-NI=8=86CO(F:*3K(;S;OIb(6X.-NPOB];OI*`6COW,.-;<,>=|¡hNPQOI*E;G.-?7E*E.36Xe>;]FI,IB];S687UT6X²J0<QL=X* R;<0G,IQL7E;]M=8,H>;G.37`0G,IOﬀ­«NI6CO,IOLT=X;<,b>;
,>7m*3K(;GHcM=X;<,>7E;>fa;S01KLNI7E;9*ENﬀ,IOL,>=XH+G;	7E;Gb>;G.1,>=&T6@³;G.-;OP*_BJ,>M7a*ENﬀ7E;G;9*3KL;U;2³y;<02*m*3K(;	0G,IB]M,>6XFPOﬃKL,>7mNPO:O(;G*kvN>.-e
*E.3,/²\0/fiolK(;lO+QB	R%;G.ZN>4yM=8,<H>;G.17|kh,>7|O(N>*|02NPOP*E.-NI=8=X;<TY(,>7|M=8,<H>;G.37w­©NI6CO(;<T\,IOLTD=X;G4p*|*3K(;d7E;G.3b>;G.v6COD, *H+M680G,>=¡^NPQOP*E;G.E?
)+*E.16Xe>;dFI,IB]6CO(FU4p,>73K6XNPOyfZ;_QL7E;<Tﬀ¡^NPQOP*E;G.E?7E*E.36Xe>;mb>;G.37-6XNPOc/f

NPO]_,>=X4?=86X4p;lb>;G.17-6XNPOc/fC/fµ´(f+f^olK(;lB],>M7iQL7E;<TDk^;G.-;
4p.-NPB~*3KL;J7E*-,IOLT,/.1T'6COL7E*-,>=8=ŁSTL; TQL7E*GY&TL; ,/G*E;<0/Yi,IOLT0G7 ,>737-,IQL=X*GfzolK(;\¡^NPQOI*E;G.E?7-*E.36Xe>;\7E;G.3b>;G.9k^;J02NPOO(;<02*E;<T[*EN
kh,>7l=XN(0G,/*E;<TcNPOc*3K(; ¶{|xdO(;G*k^N>.-ef
·5¸©¹GººA»¼ ½1½-¾¾¾¿ À©ÁrÂÃGºAÄ©ÅÆÇºÅAÈÉrÄr¿ ÃuÄ©º

   	

ﬀﬂﬁﬃ "!$#&%'%)(+*,.-0/(1.23ﬁ4*,#&576+8:9+;	<=ﬂ*?>?A@.BDCFEHGJI'Kﬃ#L.M1NﬂK3O24PM1>?>Q5O.KJ-$#124RSKﬃ23MUTVLW24 >?MUKﬃ XKﬃ#K3YOWZDMD%H ﬁ[23MD5\8
!$#&%'%)(+*,.-]*?ﬁ)M^24#D<_ﬁﬃK`ﬁ35ﬂ*ba\.2`-c*,K3YK3YOVM1<*?>?*,KJdeKﬃ#gf>,Kﬃ.2)N_M1L3R1.K4ﬁ.;Lh#&%iN=OKﬃiﬁﬃK4MUK4*?ﬁﬃK4*?L.ﬁ.;MD5_eZ1j5O.23MUKﬃW24 Nk#124K4ﬁ
Nk.23*,#O_*?L.M1>?>,d18
l
>?>nm+K4MU23Lh2oMUpqKrMUK4MH-$M1ﬁcLh#D>?>, LhKﬃ s#&5ﬀK3YO`%iM1LtYﬂ*u5O1v
wﬃx.y.z.{V|.zox.yj}4~4ewhwhw'htﬃj.P...oz hooPŁ}3ytﬃhﬃjh^ 3
j4zt.3.hy.z.V| .Łﬃtﬀ3h.t
xtŁ}3j}tWhzt oj3z.PtWt 3hŁ}tP.hoz.{ozt oy 3ﬀj}3ytﬀ t¡Hzt 3hhy.z Po¢'hhﬀ4h.t
£j{oyh 3¤j}3.zﬀt.hwijohWhj}3¥.zs}ﬃx.y.zth¢..oz
¦oj.ozo§Px ztytj3o¨tohﬀt3xhx z.3y.zt^y ' hh.©Ł¦hV¨.hjVj3ªVU3.zﬃ
¤j}4x. 3jW«hos¬3.zt oyj}ﬃx.soj3yhzﬃ
l
>?>n!$#&_5&Kﬃ.2ﬃ­JﬁﬃKﬃ2o*,R1`_MUK4Mi-®M1ﬁ¯Lh#D>?>, LhKﬃ °#&5PK3YO[%iM1LoY_*u5O1v
oh^hyt {h3xﬀhtﬃj.P...oz hooPŁ}3ytﬀthﬃjh^ 3
tt Hzt.3.hy.z.V| .Łﬃtﬀ3h.t
xtŁ}3j}tWhzt oj3zPtPh.3hŁ}hPhhoz.{tzo oy o^Ł}4ytﬀ.)zt 3hhy.z ^o¢Vhhs3t.t
t§h t h W ohPh }3¥.zﬀ}4xhy.zth¢ hoz
¦oj.ozo§Px ztytj3o¨tohﬀt3xhx z.3y.zt^y i¤h|Łwiª.o±Pyt..3~.tﬀ.z.h}3.zoxjozPjh{h{^o3xhx z 4yj}t3x
¤j}4x. 3jW«h'¥h¡ﬂ²ﬃﬂ²«tﬀ¬3 zt 3yj}4x.goj4y.zﬃ
³ ´¶µ·k¸H¹ﬃºk·
»
Y_*?ﬁcﬁﬃ LhK4*,#&5°Nﬂ23 ﬁﬃj5DK4ﬁ¼ﬁﬃ#&%i½#1pK3YO[24 ﬁ3_>,K4ﬁr#&5m+K4MU23Lh23MUpK¼N_M1L4R1.K¾ﬁ4*,¿.HMD5ﬂg<_MD5ﬂﬂ-r*?_K3Ysﬂﬁ4MUZ1^/Àm+ LhK4*,#&5C+8u@E¯MD5ﬂ
!$#&5DKﬃ.2ﬃ­ÁmOKﬃ23*,R1`N_M1L3R1.Kcﬁ4*,¿.[MD5ﬂ^<_MD5ﬂﬂ-c*?ﬂK3Y^ﬂﬁ4MUZ1'/ÀmO LhK4*,#&5gC+8:6FE48
ÂÃ ÄÆÅU\Ç&ÈOÇ&kÉÁÅ
Ê*,Z&O24¾C+8u@H/ÌËÎÍ	Ê
»
Eﬂ N*?LhK4ﬁ	MYﬂ*?ﬁﬃKﬃ#1Z123MD%Ï#1pK3YﬂÐN_M1L3R1.K¦­Jﬁ4*,¿. ﬁrﬁ4j5DK$pq#12Q6)N_>?M d1.2 ;ﬂÑN_>?Mjd1.2 ;_9`N_>?Mjd1.2¯MD5ﬂPÒ`N_>?Mjd1.2
m+K4MU2oLh23MUpqK$ZDMD%H ﬁ 8
»
YO¾5F_%[<k.2#1pÎN>?M d1.23ﬁQﬂ#+ ﬁQ5O#1KQYﬂM (1¾M5O#1K4*?L.M1<_>,¾ha\ LhK$#&5'K3YO¼N_M1L3R1.K¯ﬁ4*,¿. ﬁ.8
»
YO¾%iMÓ¦#123*,Kd
#1p®K3YOVNM1L4R1.K4ﬁ[MU24Vﬁ3%VM1>?>Ì;Î-r*,K3YeÔ1ÔDÕÖ#1p®M1>?>N_M1L3R1.K4ﬁ)<k *u5OZs>, ﬁ3ﬁ½K3YﬂMD57@ ×UBg<&d+Kﬃ ﬁ.8^ØU×DÕ0#1p®K3YOVN_M1L3R1.K4ﬁMU24s@ C16
<FdFKﬃ ﬁ ;_-r*,K3Y^L.>uﬂﬁ4Kﬃ.23ﬁ¯#1pN_M1L4R1.K4ﬁÐMUK)@1@ Ò+;Æ@ 6UBiMD5ﬂe@hÑDB'<&d+Kﬃ ﬁ.8
Ê*,Z&O24¼C+8u@[/ÌÙrÚﬃÛ¾Ü
»
Eﬂ N_*?LhK4ﬁ	K3YOr<_MD5_ﬂ-r*?ﬂK3YHﬁ4j5DK$<&dH M1LtYVN_>?Mjd1.2®pq#12®6½N_>?Mjd1.2 ;OÑ)N_>?Mjd1.2 ;O9`N_>?M d1.2QMD5ﬂWÒ½N_>?Mjd1.2
m+K4MU2oLh23MUpqK`ZDMD%H ﬁ.8
»
YOiMD%H#&5DK½#1p®<_MD5ﬂ_-r*?ﬂK3Yﬁﬃj5&K)*?ﬁ)>?*u5O MU2`-r*,K3YK3YO'5+_%[<=.2¾#1p®ZDMD%iiN_>?M d1.23ﬁ 8
l
6Ł­JN_>?Mjd1.2
ZDMD%i¼ﬁ4j5ﬂ_ﬁQMU24#&_5_P91×UBV<&d+Kﬃ ﬁoÝﬁﬃ Lh#&5ﬂsMD5ﬂP M1LoYsN_M1*,2Q#1pÆM1_*,K4*,#&5ﬂM1>N_>?Mjd1.23ﬁ¯M1__ﬁQM1<k#&OK¾@ ×UB1Bi<Fd+Kﬃ ﬁoÝﬁﬃ Lh#&5ﬂs#1p
_MUK4MO8
l
>?ﬁﬃ#ﬂ;kM1ﬁQK3YO)5+_%[<k.2®#1pN>?M d1.23ﬁc*u5ﬂLh24 M1ﬁﬃ ﬁ.;=ﬁﬃ#Vﬂ#+ ﬁQK3YO¾(UMU23*?MD5ﬂLh[*u5^<_MD5ﬂﬂ-c*?ﬂK3YWﬁﬃj5DK.8
Â  Þ'ßnnÅ1_ÇUàhŁÅ1Ç&
Jáâ
ãYﬂ*?>,'M°m+K4MU23Lh23MUpK`ZDMD%i'YﬂM1ﬁ¾(1.24de>?*,KﬃK4>,Wﬂ.(O*?MUK4*,#&5S*u5Kﬃ.2o%iﬁ¾#1pQN_M1L3R1.K[ﬁ3*,¿ ﬁﬃV#12[<_MD5ﬂﬂ-r*?_K3Yﬂﬁﬃ K3YO23#&OZ&YO#&OK
K3YOÐ2o_5i#1p#&5OÐZDMD%H1;_!$#&_5&Kﬃ.2ﬃ­JﬁﬃKﬃ23*,R11;ﬂ ﬁ4Nk L.*?M1>?>,d'pq24#&%]K3YOc(+*,.-rNk#D*u5&K	#1pnM)ﬁﬃ.23(1.2$ﬁ4*?_1;ﬂY_M1ﬁ	M5O#&5+­_5_*,pq#12o%ﬀ;&<OK
_*?ﬁ4K4*u5ﬂLhKc5O.K-	#124R^N_MUKﬃKﬃ.2t5\8
Ê*,Z&O246g/ÌËnÍÊ
»
E®ﬂ N_*?LhK4ﬁcK3YO)<_MD5_ﬂ-r*?ﬂK3Y^ﬁ4j5DKcpq#12¼MW!$#&5DKﬃ.2ﬃ­Jﬁ4Kﬃ23*,R1)ZDMD%i)ﬂﬁ4*u5ﬂZVK3YO'äFå æﬂå+åjçkèUéP%VM1N^pq#12ÐK3YO
f_2oﬁﬃKÎ6UBc%V*u5FOKﬃ ﬁÎMD5ﬂ½K3YOj5`ﬁﬃ-r*,K4LtYﬂ*u5OZ¯Kﬃ#cK3YO	êﬂë æ&ì&é_ëﬂäQ%iM1Nâ8
»
YOMj(1.23MUZ1Q<_MD5ﬂﬂ-c*?ﬂK3Y¼ﬁﬃj5&Kn*?ﬁn6191ÔÑ¼<FdFKﬃ ﬁoÝﬁ4 Lh#&5ﬂ8
íïî¦ð.ñòñÀóFô õoõ4öööø÷ ñJùoúQûoü¦÷ ýûtúrõ3ójþÀû ß ýñÀüJõoýÁûoúQúÁönõ
Ñ
 
	 
ﬁﬀﬂﬃ "!#$ﬀﬃ%$	&'(&	)*,+--ﬃ,./
012	31450$")*768	&
	319;:*9<=	>(&	?+&@BADC
:*EFG
ﬃﬀﬂﬃ5
HI91KJKLF,JKﬃMN	31D 0$F)O768	&
	31*:*9<4	P(&	?+
 
	RQST 8U0V1-	&-WX+--ﬃ%$	RHI91KJKLY,JKﬃMZ	31F.\[UI],	319&@DAYC-:EF^U0V1-	&-WX+--ﬃ%$	R!$ﬀ
%$	&_(&	?+	31F.\[
	&ﬃ`$	&
YMK	&
	_,+Yﬀﬂ01V+
,JK	&ﬃ$.V]	P`aﬁ,
01b1NﬃM	_.V91VJKLY,JKﬃM;cd	&Y+
	?ﬀﬂ01KJ^efLFﬃMNg10$
,ﬀ&$.f]	hJKﬃ09c'b1N.f91KJKLY,JKﬃMih$&j$j
+-	?ﬀﬂ01VJV+SLFM	31;ﬃM	&
	G,+Y4<g$c;ﬀﬁMK91K$	$@
 
	RQ'klAYC-:*EO*mIJK	?cV,ﬀﬂ
+FﬃM	PcV$ﬀﬃ%$	&O+ﬃ(&	?+F+-	31Y0n`$	&*
b<=	_50$FiU0V1-	&-WX+--ﬃ%$	P99<=	RK+
b14ﬃMK	gop qVp\pnr/st
<g$c> 0$GﬃMK	4uVﬃ+-GQ$vN<gb1\K-	?+G91KJwﬃM	31x+-LY
ﬀﬁMVb1N-0NﬃM	4yKz q{\tKzVo|<g$c^@=AD0V1KJf+ﬀ&91x.d	4JV,+-
b1V,+ﬃM	?Jw.\[
ﬃM	*+
]0nLBJV	?ﬀ&],b1	$eKﬀ&9K+-	?Ji.[4cf],?[$	&ﬃ+SJK[b1Keb14ﬃMK	OcV$ﬀﬃ%$	&D+
(&	?+I+-	31}5
0<~ﬃM	O+
	&
`$	&?@ K0$I	ﬂK9<4cV]	$e01	F
0V1KJ
$0	?+45
0<$cVcKﬃ0?Kb<4-	?][j$j$+4-0$j$+&eI5	?ﬃ
	?J$.d0n`$	'b1ﬃM	;uVﬁ+-4+ﬃ<4$],]I.d0?8@YM	N<4	?91cV$ﬀ
%$	&|+
(&	',+
$i.\[\-	?+?@PC+-	&	3<4+*],%$	?][>ﬃMK*ﬃM	4],
$	4cV$ﬀﬃ%$	&
+G0$I1	?ﬃ][Zvj$j$j'.[-	?+&eTﬀ&ﬃﬀ&]	?JeT
	R
0V1KJ>b1K
,$],(?
010$

0f1KJ=-	&ﬁ<gb1K
01gcf$ﬀ
%$	&
+&eK$+}ﬃM	&[4+--
019][4ﬀﬂ0$ﬃ
	?],-	*LYﬃM=ﬃM	F	31KJ40$^ﬃMK	FJK	?ﬀ&],b1	Ob1gcf$ﬀ
%$	&I+
(&	?+&@YM	F03`$],+
ﬀﬂ0$
ﬃ	?],-	_LYﬃMi],
$	_uV
	&uVM
+ILYﬃMKb1|ﬃM	99<4	$@YM	.Kﬃ	?%"b1iﬃM	$ﬁ$cfMi
0V1KJ>ﬂ9j$j"+-	?ﬀﬂ01KJV+&eVb1VJV,ﬀ&-	?JN.\[
ﬃM	P+-	?ﬀﬂ01KJN],
$	P./03de/,+SLFM	&
	ﬃMK	P<4$ciLI$+YﬀŁMK91$	?JN-0"yz q9{\tKzVo@
 
	_vhJK	?cf,ﬀﬂ
+IﬃM	G.V91KJKLF,JKﬃMg+
	319S.\[gﬃM	G+-	&ﬃ`$	&S 0$D4U0V1-	&-WX+--ﬁ%$	99<=	GK+
b1RﬃM	Rop qVp\pnrdsatg<g$c"50$
ﬃM	uVﬃ+
Qj<4b1-	?+#91KJhﬃM	31h+-LY
ﬀŁMKb1*-0*ﬃM	yKz q{\tKzVoY<4$c^@#YM	I?`$	&ﬃ$	F.V91KJKLY,JVﬃMG,+$9S.\[\-	?+ﬁa+
	?ﬀﬂ01KJ^e
LYﬃM'ﬀﬂ01K+
,JK	&ﬁ$.V]	G`ﬃ,
01Zb1iﬃM	P.f91KJKLY,JKﬃMicd	&Y+
	?ﬀﬂ01KJ^@IYM	P<g$c;ﬀﬁMK91$	h0ﬀ&ﬀ?ﬃ+DO$./0K_$$&j"+
	?ﬀﬂ01KJV+&e
JK	?cf,ﬀﬂ-	?J'.\["ﬃM	GJV
09cNb1;.V91VJKLY,JKﬃM8@

 
		
ﬀﬁﬂﬃ	 !#"#$%&"#ﬁ')(	*,+-.(	
/ﬃ	
0 1243537698;:
<
'#	=	ﬀ$ﬃ
ﬂ>ﬁ!@?=A4ﬃ	*#	ﬁ!@	B"C+D-E(
!@ﬁAFﬁ!@GH !#"C	
ﬀﬁﬂﬃ	JIﬃﬂ>/ﬃ	
-K"ML;	
	*N
<
'	
	=& !.
#OPA!
"#	ﬃﬁ		,ﬃGQ/@!@ﬁ&!@
=RSﬁ'	,T!ﬃA
ﬂﬃ	
U	BV!#"=+!#"#$W&"ﬁ'S	B"4RX	ﬀﬁﬂﬃ	W!Y4	BZRXAFﬁ!ﬃ
V(
!@ﬁAFﬁ!@GH
R$%'#&A['Sﬁ'	9"ML;	
	*#AF	B+\	ﬀ$		*4
U	BﬃGQTP!ﬃA
ﬂﬃ	
V	*V!@
	9+!@
	BI-"&
R#&]'#!ﬃ+I	ﬃN^ #ﬃVI&!@
ﬃ	^!YX	BZD(
!@ﬁAFﬁ!@GH
"#	B'#!B/ﬃ	_Y4ﬃﬁ	%T!ﬃAﬁﬂﬃ	
9ﬁ!#ﬁY=	B"=$`'	*Xﬁ'#	`+!"#$W&"#ﬁ'X
	Ba
	*Y4	*
bRAF
	B!ﬃ	ﬃN
<
'	c	ﬀﬁﬂﬃ	cAI&	*
!ﬃI&4GHI&I*$%,ﬁ'#&,YX"#	BIdZ#!ﬃIﬁ'#'eﬁ'	cT!ﬃA
ﬂﬃ	`
U	B,!@
	 YXﬃ
	`/f!@ﬁ&!ﬃ+PI	_ﬁ'#!gﬁ'	_R.(
!@ﬁAFﬁ!@GHN
<
'	 	
]ﬂﬃ	S	ﬁ/ﬃ	BZQ)ﬁ'	ﬃﬁ'	h'!#"iZQRAF
	B!ﬃ	B%ﬁ'	
U	SﬃG^ﬁ'	ST!ﬃA
ﬂﬃ	
h$%'#	*.c		B",e	*#"jY4ﬃ
	"!@
!=gﬁ'	
AI&	*N
<
'#	B	4"ML\	ﬁ	*#AF	Bc!@
	Xﬃh/&ﬁ&+I	k$%'	*l/	$%Rm!g+P!#"#$W&"#ﬁ')ﬃﬁ!ﬃTP'>+Q`!@ﬁ	kRY=T\ﬃ

!`.ﬃ	X"P	
Xﬁ'#	B%T\

&+I	h	FL;	BAF
W)	ﬀ$ﬃ
ﬂ.AFﬃ	B
iN
(
!@]AFﬁ!@Gn.!"o	
ﬀﬁﬂﬃ	p!@
	K!ﬃI&q"ML\	ﬁ	*mRrﬁ'	E+!"#$W&"#ﬁ'sﬁ'	-tAF#ﬁYX	lu/ﬃ	.
RY4	ﬃNv(
!@ﬁAFﬁ!@GHwx
+!"#$W&"#ﬁ')AF#ﬁY=T#
m/@!@ﬁ	B`/ﬃ	
-lI&
I	ku/ﬃ	cﬁ'	SAF#ﬁ	SﬃGy!=!YX	ﬁ	!@ﬁ"I	B
`ﬃGV	/ﬃ	*
hAAB#
ﬁRJ$Wﬁ'#R
ﬁ'	=!Y4	ﬃN.	ﬀﬁﬂﬃ	ﬃZV'u$b	/ﬃ	BZV'#!ﬃ!."&
RAF AF-AI&&AgT!@	]pRE+!"#$W&"#ﬁ';Zz$%'#&A]'E/f!@ﬁ-ju/ﬃ	
RYX	=!ﬃ
TI&!*-ﬃ	ﬁgﬃ	eﬂ&I&I	B"iZ`!#"t'#!B/ﬃ	>!{Y=!@
ﬂﬃ	B"rAFﬃ

	BI&!@
r{!Y4	j	/ﬃ	*
N}|`/ﬃ	ﬁ!ﬃI&IdZ%ﬁ'	>!Y4=ﬃG +P!#"#$W&"#ﬁ'
AF#]Y4	B"E+D-E!j(
!@ﬁAFﬁ!@GHTI&!*-ﬃ	k&SAFYXTP!@ﬁ!ﬃ+I	Xj+!#"#$W&"ﬁ'KAF#ﬁYX	B"E+D-E!j	ﬀ]ﬂﬃ	gAI&	*N)~u
TI&!*-ﬃ	c!Y4	SﬃG(
!@]AFﬁ!@Gnc'#!ﬃ`	B!ﬃA]'>AI&	*_	*#">+\	ﬀ$		*>@ﬃﬃm!#"Kﬃ@ﬃm+-	B]f	BAF"iZ!#"j!m	
ﬀﬁﬂﬃ	
AI&	*%AF#	BAF	B".=!=YX
I-DGd#I&Ii
	
/ﬃ	W-T&A!ﬃI&I-.
	*#"9!XI&
I	*/ﬃ	cﬃ@ﬃ=+D-D	B]f
	BAF#"iN
ŁV*
8
yk^V

~%]YX#[Sh
	*/&I&I	~%]Y=
!@ﬃ	ﬃN !@|`/ﬃ	B@l&I&I&&	BAF#"q&h#!ﬃAAF	BT#
!ﬃ+I	ﬃZK)!*-@ﬃ#@N

|_#I&R	F)!@
9¡  @¢P£@¢¤P£¥P¦§P¨@¢P£y§©P£# ª«¥ﬃ¢i¬*«ª£D ﬃD\¬*©ªQ¦@ D­®«ﬃ¯#£D°±²«£ﬃ©;³u´#±Dµ¶Q·*¸µ\·i§ﬀ¢\²
N


<
#[º¹!#I»	ﬁ	¼!" l!@
ﬂ
<
	
]!#N B@ﬃ ~W]A]'	ﬁ½ ! ﬃ¾N¿¾ À%	ﬀ$ﬃ
ﬂ ¹Vﬁﬃﬃﬁ!Yk
Y=R R ~%ﬃ	 ﬃGÂÁbYXTP
	B½!#" 	-ﬃ#"iN Ã9ÄﬃÅ4ÄfÆ[ÇÈÊÉ¡Ä@Z l!@ﬁA]' @ﬃ#@N

|c#I&R	FË!@
9¡  ﬃÌDÌÌ§Íª#«f¢Q«#¦u®¥#«V§]³¨f¢Q Î£D«®#¥#£#¦ﬃ DÏµDµQ·uµD°DÏÏ ﬃ#£¥¥«@©¨ µDÏy§¢
N

  ^ÐﬃÐu (#!ﬃI&I-S I*-"X!#"kÑc	/Rk !ﬃI&IdN\¹V
YXﬃ
R%ﬁ'#	`	9ﬃG\Áb#"@ﬀÁ#"Xﬃ	B
JﬁIRSﬁ'#	Ò	]	N
ÓÔbÔyÔÕÖ4×Ø½ÙÉ¡ÄﬃÚÆÄÛBÈÊÜdÝﬃÚÆ4ÝﬃÚ)ÞßBÈÊàVÝﬃÉﬁáfÜHÚDâ@Z #	B+]#!@
-KBÐﬃÐﬃÐN

RÐﬃÐuã¹ä		 zRAF
ﬃGnN
<
'	 Ò¡	]	 (##A
ﬂ |`BZ åt'!@ Ò 	B!@]#	B" "R æW
åtR /N
<
	  ä'	BN Ã9ÄﬃÅ4ÄfÆFÇÈÊÉÍÄ@Z (	BT	*Y+\	 BÐﬃÐﬃÐN

|c#I&R	F !@
9¡  ﬃÌDÌÌ§Íª#«f¢Q«#¦u®¥#«V§]³¨f¢Q Î£D«®#¥#£#¦ﬃ Q·fçDçDçDµçµD° ²¬*©;³f¥¨ÎD µ\·§ﬀ¢
N

À%Ðè* ébÍ(#'	*ÀW#Nê`	B
#Rc !ﬃ¡ﬀ~`AF
=h!YX	BzGHﬃﬁ'	yÒ	]	N^Ã9ÄﬃÅ4ÄfÆ[ÇÈÊÉ¡Ä@Z#(	BT#	*YS+Q	bBÐﬃÐèDN

|c#I&R	F
!@
D D ﬃÌÌDÌ9§ª#«@¢P«¦*®¥«y§ﬁ³¨u¢Q Î£«ﬃD®¥#£#¦ P·fçç¸µDçµ¶ @©#ª µ\·§ﬀ¢
N

